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IN THE UNITED STATES PATENT AND TRADEMARK OFFIC 

In Re Application of: Andrew J. DANNENBERG et AL. 

Serial No.: 10/614,795 Group Art Unit: 1614 

Filed: July 9, 2003 Examiner: Lezah Roberts 

FOR: MULTI-FUNCTIONAL COX-2 INHJWjgg&i ATTY. Reference: DANN3009/$SS 

COMMISSIONER FOR PATENT 
P.O. Box 1450 
Alexandria, VA 22313-1450 

, Sir: 

Transmitted herewith is a communication/amendment in the above-identified application. 
El Small entity status under 3 7 CFR 1. 9 and L2 7 is claimed. 
Q No additional fee is required. 

The fee, if any, has been calculated as shown below: 




Fee Basis 


Number of 
Claims After 
Amendment 


Highest Number 
Previously Paid 
For 


Extra Claims 


Small Entity 


Full Fee 


Total Claims 




i 


3 


x $ 25 = 


x$50 = 


Independent Claims 




2 


3 


x $100 = 


x $ 200 = 


□ First Presentation of Proper Multiple Dependent Claim 


+ $180 = 


+■ $360 = 


TOTAL 








1 If less than 20 enter 20. 


1 If less than 3 enter 


3. 3 If less than 0 enter 0. 





□ Please charge my Deposit Account Number 02-0200 in the amount of $ 
attached. 



A duplicate copy of this sheet is 



H A check in the amount of $ 250.00 is attached. (Check No. 50892) 

B The Commissioner is hereby authorized to charge any additional fees associated with this communication, including fees 
due under 37 CFR L16 and 37 CFR 1.17 or credit any overpayment to Deposit Account Number 02-0200. A duplicate 
copy of this sheet is attached. 

13 Also enclosed is/are: Appeal Brief. 
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Sir: 



A Notice of Appeal and Petition for a three month Extension of Time were 
filed on December 12, 2006. Thus this Appeal Brief is due by February 12, 2007. 
Compliance with 37 C.F.R. 41 .37 follows: 
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Application No.: 10/614,795 

37 C.F.R. 41.37(c)(1)(i) 
Real Party in Interest 

The real party in interest is Cornell Research Foundation, Inc. 

37 C.F.R. 41.37(c)(1)(ii) 

Related Appeals and Interferences 

There are no related appeals and interferences. 

37 C.F.R. 41.37(c)(1)(iii) 
Status of Claims 

Claims 6-1 1 are finally rejected and are the appealed claims. 
Claims 1-5 have been canceled. 

37 C.F.R. 41.37(c)(1)(iv) 

Status of Amendments Subsequent to Final Action 

There were no amendments subsequent to final action. 

37 C.F.R. 41.37(c)(1)(v) 

Summary of the Claimed invention for 

Each Independent Claim Involved in the Appeal 

The sole independent claim involved in the appeal is claim 6. 

The claim is directed to a method for screening a selective inhibitor of 
COX-2 for likelihood of success in treating a patient having or at risk for cancer, 
Alzheimer's disease or atherosclerosis. 

That the method is for screening a selective inhibitor of COX-2 is indicated 
in the application as filed at page 1, lines 18-19. That the method is directed to 
likelihood of success in treatment is set forth at page 11, lines 19-21. That the 
method is directed to likelihood of success in treatment of a patient having or at 
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risk for cancer, Alzheimer's disease or atherosclerosis is indicated by reference at 
page 11, line 19 of the application, to success in treatment in the second 
embodiment and at page 11, lines 22-26 which indicates that the second 
embodiment is directed to treating a patient having or at risk for cancer, 
Alzheimer's disease or atherosclerosis. 

Seven tests are enumerated in claim 6. These are set forth in the 
application as filed at page 3, line 26 - page 4, line 5. 

37 C.F.R. 41.37(c)(1)(vi) 

Grounds of the Rejection to be Reviewed on Appeal 

There are no rejections based on prior art. 

The only two rejections are both based on 35 U.S.C. 112, first paragraph. 

In the first of the two rejections under 35 U.S.C. 112, first paragraph, claims 
6-1 1 are rejected on the basis that claim 6 violates the enablement requirement of 
35 U.S.C. 112, first paragraph. 

The rejection era forma applies the Wands factors but doesn't provide a 
useful list of violations of the enablement requirement. 

In the response of August 15, 2006, the undersigned suggested positions 
that the PTO is asserting and the Advisory Action of October 17, 2006, only 
modifies one and suggests no others. The only positions the PTO is asserting, 
appear to be the following (denoted items (1 ) - (6)): 

(1) It is difficult to predict whether a drug will be effective to treat cancer 
(relying on Gura and Johnson); 

(2) The claims are directed to screening for "likelihood of success" in 
treating disease and likelihood of success is not defined; 

(3) The tests recited in the claims are not sufficient for developing drugs 
for treating all cancers; 

(4) The tests of claim 6 are not enabled for likelihood of success in 
treating Alzheimer's disease (AD) because AD cannot be diagnosed 
without autopsy and because evaluation of treatment results is not 
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possible because of variation of progression of disease from patient 
to patient (relying on MedicalNet.com); 

(5) Data obtained from animal models in development of drugs for 
treating Alzheimer's disease is not conclusive (relying on Firuzi) 
when it is not clear how the tests relate to Alzheimer's disease; 

(6) The fact that each of the enumerated tests are directed to 
inflammatory activities is irrelevant because the claims are not 
directed to likelihood of success in treating inflammation associated 
with the listed disorders. 

In the second of the rejections under 35 U.S.C. 112, first paragraph, claims 
6-11 are rejected on the basis that claim 6 violates the written description 
requirement of 35 U.S.C. 112, first paragraph. The final Office Action explains 
"The success measurement for each of the diseases now in claim 6 is not 
disclosed." The Advisory Action indicates the reference to the second 
embodiment in the phrase "successful for the treatment of or in the second 
embodiment" at page 11, line 19, doesn't mean success in treating a patient with 
cancer, Alzheimer's disease or atherosclerosis, even though the second 
embodiment is directed to treating a patient having or at risk for cancer, 
atherosclerosis or Alzheimer's disease. 

37 C.F.R. 41.37(c)(1)(vii) 
ARGUMENT 

Rejection Under 35 U.S.C. 112 (second paragraph) - Lack of Enablement 

The final rejection takes the position "[t]hat the claims are not enabled 
because of the screening test [sic] are not related to the disclosed diseases" (see 
page 3 of the final action). The final rejection then applies the Wands factors to 
support this conclusion. 

The final rejection is defective because the conclusion stated is irrelevant to 
enablement. 

For enablement, the issue rather is whether the specification teaches how 
to practice (that is, carry out, the invention) without undue experimentation, (see in 
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re Wands . 8 U.S.P.Q.2d 1400, 1402 (Fed. Cir. 1988) which defines the test for 
enablement as whether the specification is written to enable those skilled in the art 
to practice the invention without undue experimentation. See also Ex parte 
Forman . 230 U.S.P.Q. 546, 547 (Bd. of Pat. App. and Int., 1986), relied on by 
Wands for the Wands factors, which states: "The ultimate question ... is whether 
or not the specification contains a sufficiently explicit disclosure to enable one 
having ordinary skill in the relevant field to practice the invention claimed therein 
without the exercise of undue experimentation. 

The specific issue in Wands involved whether monoclonal antibodies 
necessary to practice the immunoassay method claimed were enabled without 
undue experimentation when practice involved screening negative hybridomas to 
find those that produced the desired antibodies. 

In Forman a question was whether mutant strains of S. typhis necessary for 
an oral vaccine were enabled when there was a lack of guidance leading to 
predictable results for obtaining mutant S. typhis. 

The instant case differs from the specific issues in Wands and Forman 
because no issue has been raised that the materials used in the testing are not 
definite or not described in literature and/or are not articles of commerce. Thus, 
the specific issues present in Wands and Forman are not present here. 

The instant case clearly meets what Wands and Forman state as the 
general issue, i.e., the specification here contains a detailed exemplified 
disclosure of how to practice the claimed invention. The method of the claims 
here is quite straightforward and involves testing to determine meeting at least two 
of seven criteria (denoted (a), (b), (c), (d), (e), (f) and (g) in claim 6). The tests are 
described in great detail at pages 4-10 of the application as filed and are used in 
Working Examples I and II of the application as filed. As indicated above, the 
specific issues in Wands and Forman are not present here as no issue has been 
raised that the agents used in the testing are not readily obtained. 

Moreover, even if the conclusion used as a basis of the rejection is 
considered appropriate (and as indicated above, it is not), the positions on which 
the final rejection and Advisory Action rely to support their conclusion are 
defective. 

Consider firstly that the burden is on the PTO to show that the claimed 
invention doesn't work. Casting doubt is not enough. See Ex parte Reese 40 
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U.S.P.Q.2d 1221 (Pat. Off. Bd. App. Int. 1996); In re Dinh-Hquven . 181 U.S.P.Q. 
46, 47 (C.C.P.A. 1974) and In re Gardiner . 177 U.S.P.Q. 396, 397 (C.C.P.A. 
1973). 

We turn now to the positions which the PTO has asserted as being 
relevant. These are listed above in 37 C.F.R. 41. 37(a)(1)(vi). 

Several of these positions are really directed to the same issue, namely 
why should the claimed invention work. Why should the test work for all cancers 
(item (3))? Why should the drug determined work for Alzheimer's disease (items 
(4), and (5))? Why should the tests work to screen for success in treating a 
patient having or at risk for cancer, Alzheimer's disease or atherosclerosis when 
the tests are for inflammatory activity (item (6))? The answer to all these 
questions is that it is recognized by those skilled in the art and it is well known, 
that inflammation is an inciting event in the pathogenesis (development of 
disease) of cancer, Alzheimer's disease and atherosclerosis. As indicated above, 
if the PTO wishes to contest this, the burden is on the PTO to show that this is not 
so. Confirmation is readily obtained by a search in Google or PubMed for 
inflammation crossed with pathogenesis of cancer, (14,250 hits in PubMed), 
atherosclerosis (2,657 hits in PubMed) and Alzheimer's disease (501 hits in 
PubMed). 

In regard to item (4), a point raised is how one can tell success for 
Alzheimer's disease when variation of progression from patient to patient varies. 
The issue is not a legitimate issue. There are recognized drug treatments for 
Alzheimer's disease, e.g. Cogirex, Aricept, Excelon, estrogen, ibuprofen, 
naprosyn. If the PTO wishes to contest this, the burden is on it to show that there 
are no recognized drug treatments for Alzheimer's disease. The fact that there 
are recognized drugs for treatment of Alzheimer's disease, proves that efficacy 
can be observed. 

Moreover, item (3) is irrelevant to claim 7 (colon cancer), claim 8 
(Alzheimer's disease), claim 9 (atherosclerosis), claim 10 (oral premalignant 
lesion of the tongue) and claim 1 1 (cervical intraepithelial neoplasia). 

Moreover, items (4) and (5) are irrelevant to claim 7 (colon cancer), claim 9 
(atherosclerosis), claim 10 (oral premalignant lesion of the tongue) and claim 11 
(cervical intraepithelial neoplasia). 
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We turn now to item (1), that it is difficult to predict whether a drug will be 
effective for cancer. In response, it is noted that the tests are screening tests, i.e., 
a starting point for progression to further testing. Evidence is presented in a 
response dated October 1 5 that in vitro screening can lead to successful clinical 
results for anti-cancer drugs. See Steinbach, G., et al., The New England Journal 
of Medicine 324 (26), 1946 - 1952 (2000); Swain, S., The New England Journal of 
Medicine 353 (26), 2807 - 2809 (2005) and Voskoglou-Nomikos, T., et al., Clinical 
Cancer Research (9), 4227 - 4239 (2003), copies filed with the response of 
October 15 and included in the evidence Appendix hereto. This rebuts item (1). 

That leaves item (2), that the claims are directed to screening for "likelihood 
of success" in treating disease and likelihood of success is not defined. It is 
appellant's position that this would be understood by those skilled in the art as 
suitable for selection for the next step of testing. The PTO has not disagreed with 
this position and has only replied that the testing cannot indicate selection suitable 
for all cancers. This is answered above where it is pointed out that the tests are 
for inflammatory activities and inflammation is an inciting event in the 
pathogenesis of cancer as well as in Alzheimer's disease and atherosclerosis. 

Thus the Appellants have shown that the instant case meets the general 
criteria set forth in Wands and Forman and therefore meets the description 
requirement and additionally that the specific positions asserted by the PTO are 
irrelevant and rebutted. 

Rejection Under 35 C.F.R. 112 (first paragraph) - Lack of Written Description 

Appellants have taken the position that written description is present in the 
application as filed at page 1 1 , lines 17-26. 

Originally the position by the PTO in rebuttal was: "The success 
measurement for each of the diseases now in claim 6 is not disclosed." But that is 
not recited in the claims. Rather, passing of specific tests is. 

The Advisory Action apparently superseded the above with: 

Although Applicant points out the area of support, there 
appears to be lack of support for screening compounds to 
treat Alzheimer's, cancer or atherosclerosis. The screening 
methods are recited to test a candidate for the likelihood of 
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success but not the likelihood for success for a specific 
disease. The diseases are mentioned for the second 
embodiment for a method to treating these diseases, not a 
method for screening an agent. Therefore the rejection is 
maintained. 

The undersigned doesn't understand this position. The portion of the 
sentence at page 11 being referred to apparently is "being successful for the 
treatment of and in the second embodiment herein." That sentence means being 
successful for the treatment of the second embodiment herein and being 
successful in the second embodiment here. As indicated at page 11, the second 
embodiment is directed to a method of treating a patient having or at risk for 
cancer, Alzheimer's disease or atherosclerosis. Making substitution of what the 
second embodiment is, in the quoted sentence, gives — being successful for the 
treatment of a patient having or at risk for cancer, Alzheimer's disease or 
atherosclerosis and being successful in a method for treating a patient having or 
at risk for cancer, Alzheimer's disease or atherosclerosis — . 

In view of the above, it is submitted that the PTO position on 35 U.S.C. 
1 12, first paragraph, is egregiously defective. 

The Appendixes 

Claims, evidence and proceedings appendixes are attached. 
The Fee 

The fee required by 37 C.F.R. 41.37(a)(2) and 37 C.F.R. 41.20(b)(2), is 
enclosed. 
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Request for Reversal 

Reversal of the rejection and allowance is requested. 
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Date: January 10, 2007 
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37 C.F.R. 41.37(c)(1)(viii) 

Claims Appendix of Claims Involved in Appeal 

6. method for screening a selective inhibitor of COX-2 for likelihood of 
success in treating a patient having or at risk for cancer, Alzheimer's disease or 
atherosclerosis, comprising testing for at least two of 

(a) causing increase in PPRE luciferase activity by at least 100% as 
manifested by at least doubling of luciferase activity based on data that have been 
normalized with B-galactosidase activity; (b) causing at least 50% decrease in 
level of or 50% downregulation of expression of Class I family of receptors 
tyrosine kinase; (c) causing at least 50% downregulation of expression of cyclin 
D1 ; (d) causing at least 50% downregulation of expression of HPV16 oncoproteins 
E6 and E7; (e) causing at least 50% increase in expression of PTEN, (f) causing 
at least 50% inhibition of tcf/lef/-catenin-mediated promoter activation; and (g) 
causing at least 50% increase in level of Nrf-2; the more of (a), (b), (c), (d), (e), (f) 
and (g) being met, the greater the likelihood of success. 

7. The method of claim 6 which is for screening a selective inhibitor of COX-2 
for likelihood of success in treating a patient with colon cancer. 

8. The method of claim 6 which is for screening a selective inhibitor of COX-2 
for likelihood of success in treating a patient with Alzheimer's disease. 

9. The method of claim 6 which is for screening a selective inhibitor of COX-2 
for likelihood of success in treating a patient with atherosclerosis. 

10. The method of claim 6 which is for screening a selective inhibitor of COX-2 
for likelihood of success in treating a patient with an oral premalignant lesion of 
the tongue. 
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1 1 . The method of claim 6 which is for screening a selective inhibitor of COX-2 
for likelihood of success in treating cervical intraepithelial neoplasia. 
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37 C.F.R. 41.37(c)(1)(ix) 
Evidence Appendix 

The attached evidence relied on herein was submitted to the PTO with the 
response of August 15, 2006 and was entered by the Advisory Action of October 
17, 2006: 

(1) Steinbach, G., et al, New England Journal of Medicine, 324 (26), 1946 - 
1952 (2000); 

(2) Swain, S., The New England Journal of Medicine 353 (26), 2807 - 2809 
(2005); and 

(3) Voskoglou-Nomikos, T., et al., Clinical Cancer Research (9), 4227 - 
4239 (2003). 
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37C.F.R. 41.37(c)(1)(x) 
Related Proceedings Appendix 

No related proceedings were identified pursuant to paragraph (c)(1 )(ii). 
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Document (1) 



The New England Journal of Medicine 



THE EFFECT OF CELECOXIB, A CYCLOOXYGENASE-2 INHIBITOR, 
IN FAMILIAL ADENOMATOUS POLYPOSIS 

Gideon Steinbach, M.D., Ph.D., Patrick M. Lynch, M.D., J.D., Robin K.S. Phillips, M.B., B.S., 
Marina H. Wallace, M.B., B.S., Ernest Hawk, M.D., M.P.H., Gary B. Gordon, M.D., Ph.D., 
Naoki Wakabayashi, M.D., Ph.D., Brian Saunders, M.D., Yu Shen, Ph.D., Takashi Fujimura, M.D., 

Li-Kuo Su, Ph.D., and Bernard Levin, M.D. 



Abstract 

Background Patients with familial adenomatous 
polyposis have a nearly 100 percent risk of colorectal 
cancer. In this disease, the ch em o preventive effects 
of nonsteroidal antiinflammatory drugs may be re- 
lated to their inhibition of cyclooxygenase-2. 

Methods We studied the effect of celecoxib, a se- 
lective cyclooxygenase-2 inhibitor, on colorectal pol- 
yps in patients with familial adenomatous polyposis. 
In a double-blind, placebo-controlled study, we ran- 
domly assigned 77 patients to treatment with cele- 
coxib {100 or 400 mg twice daily) or placebo for six 
months. Patients underwent endoscopy at the begin- 
ning and end of the study. We determined the num- 
ber and size of polyps from photographs and video- 
tapes; the response to treatment was expressed as 
the mean percent change from base line. 

Results At base line, the mean (±SD) number of 
polyps in focal areas where polyps were counted was 
15.5±13.4 in the 15 patients assigned to placebo, 
11.5±8.5 in the 32 patients assigned to 100 mg of cele- 
coxib twice a day, and 12.3±8.2 in the 30 patients as- 
signed to 400 mg of celecoxib twice a day (P=0.66 
for the comparison among groups). After six months, 
the patients receiving 400 mg of celecoxib twice a day 
had a 28.0 percent reduction in the mean number of 
colorectal polyps (P= 0.003 for the comparison with 
placebo) and a 30.7 percent reduction in the polyp 
burden (the sum of polyp diameters) (P=0.001), as 
compared with reductions of 4.5 and 4.9 percent, re- 
spectively, in the placebo group. The improvement 
in the extent of colorectal polyposis in the group re- 
ceiving 400 mg twice a day was confirmed by a pan- 
el of endoscopists who reviewed the videotapes. The 
reductions in the group receiving 100 mg of celecoxib 
twice a day were 11.9 percent (P=0.33 for the com- 
parison with placebo) and 14.6 percent (P=0.09), re- 
spectively. The incidence of adverse events was sim- 
ilar among the groups. 

Conclusions In patients with familial adenomatous 
polyposis, six months of twice-daily treatment with 
400 mg of celecoxib, a cyclooxygenase-2 inhibitor, 
leads to a significant reduction in the number of co- 
lorectal polyps. (N Engl J Med 2000;342:1946-52.) 
©2000, Massachusetts Medical Society. 
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HUMAN colon cancer develops in a step- 
wise fashion from norma] mucosa to ad- 
enomatous polyps to carcinoma. Muta- 
tion in the adenomatous polyposis coli 
(APG) gene commonly occurs early in the develop- 
ment of sporadic adenomas. 1 Patients with familial 
adenomatous polyposis have an inherited germ-line 
APC mutation 2 that results in hundreds of adenom- 
atous polyps and a nearly 100 percent risk of colon 
cancer. Management includes prophylactic procto- 
colectomy, or colectomy followed by sigmoidoscop- 
ic surveillance and rectal polypectomy. Because the 
adenoma-to- carcinoma sequence in familial adenom- 
atous polyposis resembles sporadic colon carcinogen- 
esis, 1 studies of familial adenomatous polyposis may 
contribute to the prevention of sporadic adenomas 
and colon cancer. 

Nonsteroidal antiinflammatory drugs (NSAIDs) 
reduce the incidence of carcinogen-induced colon tu- 
mors in rodents. 3 - 4 NSAIDs are associated with a re- 
duced incidence of and mortality from sporadic ad- 
enoma and colon cancer in epidemiologic studies. 5 8 
In early clinical studies 9 * 10 and small, randomized, pla- 
cebo-controlled trials, 11 * 13 sulindac caused the regres- 
sion of colorectal adenomas in patients with familial 
adenomatous polyposis. However, the gastrointesti- 
nal toxicity associated with conventional NSAIDs may 
limit their long-term use for cancer prevention. 14 

NSAIDs are inhibitors of the cyclooxygenase 
enzyme family, which catalyzes the metabolism of 
arachidonic acid to prostaglandins, prostacyclin, and 
thromboxanes. The cyclooxygenase- 1 isoform is con- 
stitutively expressed in most tissues, where it medi- 
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ates physiologic functions such as gastric mucosal cy- 
toprotection and regulation of platelet aggregation. 
Its inhibition may account for many of the common 
side effects of NSAIDs, including gastric ulceration 
and gastrointestinal hemorrhage. 14 * 15 The cyclooxy- 
genase-2 isoform is induced in response to cytokines 
and growth factors and is expressed in inflammatory 
disease, premalignant lesions (such as colorectal ad- 
enomas), and colon cancer. 16 * 18 Its inhibition has not 
been associated with gastric ulceration. 1 s « 19 ' 21 How- 
ever, the long-term effects of selective cyclooxygen- 
ase-2 inhibitors as compared with those of tradition- 
al NSAIDs remain to be determined. 22 Experimental 
evidence supports the concept that the chemopreven- 
tive effects of NSAIDs may be due at least in part to 
inhibition of cyclooxygenase-2. 23 - 24 Hence, selective 
inhibition of cydooxygenase-2 offers a potential phar- 
macologic strategy for the prevention of colorectal ad- 
enomas. 

To determine whether inhibition of cyclooxygen- 
ase-2 could reduce the extent of polyposis in patients 
with familial adenomatous polyposis, we studied the 
effect of celecoxib, an agent that selectively inhibits 
cyclo oxygenas e- 2 . 21 

METHODS 

Patients 

Patients with familial adenomatous polyposis who were 18 to 
65 years of age, who had not had their entire colorectum removed, 
and who had five or more polyps 2 mm or more in diameter that 
could be assessed cndoscopically, were eligible. Exclusion criteria 
included a history of colectomy within the previous 1 2 months 
or colectomy anticipated within 8 months after randomization; use 
of NSATDs or aspirin three or more times a week within 6 months 
of randomization or one or two times a week within 3 months of 
randomization; or abnormal results of scrum laboratory tests (com- 
plete blood count and liver- function and renal -function tests). 

The study was approved by the institutional review board of 
the University of Texas M.D. Anderson Cancer Center and the eth- 
ics committee of St. Mark's Hospital, London. Written informed 
consent was obtained from all patients. 

Study Design 

The study was randomized, double-blinded, and placebo-con- 
trolled. Tt was conducted between December 1996 and Decem- 
ber 1998 at the M.D. Anderson Cancer Center in Houston and 
St. Mark's Hospital in London. One hundred eight patients who 
were eligible for screening underwent endoscopy; 29 had insuffi- 
cient polyps for inclusion in the study, and 2 required colectomy for 
advanced disease (a rectal cancer and a large sessile adenoma). Ac- 
cording to the protocol, 75 patients were initially randomly assigned 
in a 2:2:1 ratio to receive celecoxib (Celebrex, G.D. Searlc, Skokic, 
Til.), cither 100 mg twice daily or 400 mg twice daily, or an iden- 
tical-appearing placebo orally for six months. The placebo con- 
tained 250 mg of lactose. Two additional patients were assigned 
to the group receiving 100 mg of celecoxib twice daily after two 
patients were withdrawn because of noncompliance. The study 
drug and matching placebo were provided by G.D. Searlc. 

The six-month duration of the study and the end point of ad- 
enoma regression were based on previous trials of sulindac that dem- 
onstrated an effect on polyp regression within six months of treat- 
ment. 9 " A clinical trial aimed at the prevention of carcinoma, on 
the other hand, would require many years of study and therefore 



was not considered feasible for the initial testing of the efficacy of 
a drug. Evaluations at base line and month 6 included a history 
taking, physical examination, and endoscopy, with biopsies of the 
intact or residual colorectum, stomach, and duodenum. Testing for 
APC gene mutations was performed at base line. 25 

Compliance was monitored by means of pill counts and review 
of diaries completed by the patients. Safety was monitored with a 
comprehensive symptom questionnaire administered by telephone 
at two- to-four- week intervals that elicited information on adverse 
events and by clinical laboratory evaluations at base line and at one, 
three, and six months. Adverse events were graded in accordance 
with the National Cancer Institute Common Toxicity Criteria. 26 

Endoscopy 

At the base-line endoscopy, an India-ink tattoo was placed in the 
rectum, colon, or both near a small area with a high density of pol- 
yps. The base-line and six-month endoscopic examinations were 
videotaped, and a scries of photographs was taken with the tattoo, 
appendix, or ileocecal valve positioned centrally and peripherally. 
These photographs were used for quantitative measurements of 
the number and size of polyps. Polyps for biopsy were taken from 
areas that were not photographed for scoring. 

Enumeration and Measurement of Polyps 

To ascertain that the same area was scored at base line and at 
month 6, polyps were counted in pairs of photographs. One in- 
vestigator, other than the endoscopist, who did not know the treat- 
ment, performed the scoring. Videotapes were used to resolve am- 
biguities and confirm polyp counts. The diameter of a polyp was 
measured with the aid of a standardized endoscopic ruler or biopsy 
forceps included in the photographic field to serve as a scale. Be- 
cause in patients with familial adenomatous polyposis the colon 
is studded with microscopic and poorly visible lesions, only distinct 
polyps at least 2 mm in diameter were counted. 

A qualitative assessment of the total extent of colorectal poly- 
posis was conducted by each of five endoscopists experienced in the 
management of familial adenomatous polyposis (two from each 
of the study centers and one from a nonparticipating polyposis cen- 
ter) during joint videotape-review sessions. The first of each pair 
of videos (obtained at base line and month 6) was scored as the 
same as, better than, or worse than the second, without the endos- 
copists' being aware of the temporal sequence or treatment group. 
A score of "better" or "worse" indicated that there was a dear dif- 
ference in the total extent of polyp involvement. To avoid bias, vid- 
eotapes of three colorectal regions (cecum and ascending colon; 
transverse, descending, and sigmoid colon; and rectum) were as- 
sessed separately without the endoscopists' being aware of wheth- 
er the segments came from the same patient. 

Statistical Analysis 

AH 77 randomly assigned patients were included in the inten- 
tion-to-treat analysis of toxicity and polyp number, size, and bur- 
den. Analysis of the endoscopic videotape assessments was per- 
formed in the patients for whom the requisite videotapes were 
available. 

The quantitative response variables were the percent change 
from base line in polyp number and polyp burden, defined as the 
sum of the polyp diameters. The percent change in each patient 
was calculated on the basis of the photographs at the tattoo, appen- 
dix, and ileocecal valve, and the mean change was then calculated 
for each study group. Efficacy was evaluated by comparing the mean 
percent change from base line in each treatment group with that 
in the placebo group by the Wilcoxon rank-sum test. 

Whether treatment affected the polyp count at six months was 
also analyzed in a multivariate linear regression model with adjust- 
ment for base-line covariatcs. Two variables indicating the treat- 
ment (100 or 400 mg twice a day) were included in the model, and 
the other base-line covariatcs were the number of polyps, sex, age, 
study site, and surgical status (whether the patient had previously 
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undergone colectomy). We employed a logarithmic transforma- 
tion of both the base-line and the final polyp-count values to elim- 
inate the skewncss in that distribution. 

In the qualitative assessment of response, based on review of the 
endoscopic videotapes, each segment was assigned a score of 1 for 
better, 0 for same, or — 1 for worse, and the mean of the five phy- 
sicians' scores for each treatment group was compared with that 
for the placebo group with use of the Wilcoxon rank-sum test. The 
response of each videotaped colorectal segment (cecum and ascend- 
ing colon; transverse, descending, and sigmoid colon; and rectum) 
was analyzed separately. In addition, the response of the total co- 
lorectum, defined for each patient as the mean score for all colo- 
rectal segments assessed, was analyzed. 

Adverse events, including those with an onset within 30 days 
after the end of treatment, were coded according to World Health 
Organization Adverse Reaction Terminology and graded for sever- 
ity with the National Cancer Institute Common Toxicity Criteria. 2 * 
Clinical laboratory data were compared between treatment groups 
by one-way analysis of variance applied to the change from base 
line to month 1, month 3, month 6, or early termination. 

The Kruskal -Waili s test was used to compare base-line continu- 
ous variables among the three treatment groups, and the chi -square 
test or Fisher's exact test was used to examine associations be- 
tween nominal variables. All tests were two-sided, and a P value 
of less than 0.05 was considered to indicate statistical signifi- 
cance. 27 No interim analyses were performed. 

RESULTS 

Patients 

Seventy-seven patients were enrolled: 36 at the 
M.D. Anderson Cancer Center and 41 at St. Mark's 
Hospital. The treatment groups were similar with re- 
gard to race or ethnic group, sex ratio, surgical sta- 
tus, and number of polyps, but they differed in age: 
the group assigned to 400 rag of celecoxib twice a 
day was younger (33.1 years) than the group assigned 
to 100 mg of celecoxib twice a day (38.6 years) and 
the placebo group (39.9 years) (Table 1). Sixty-six 
patients had an identified AFC mutation, and two 
additional patients had relatives with known APC 
mutations. Seventy- two of the 77 patients completed 
the treatment. More than 90 percent of the patients 
who completed the study took at least 80 percent of 
the study drug. At base line, the placebo group had 
a mean (±SD) of 15.5±13.4 polyps, the group as- 
signed to 100 mg of celecoxib twice a day had a mean 
of 11.5±8.5 polyps, and the group assigned to 400 
mg of celecoxib twice a day had a mean of 12. 3 ±8. 2 
polyps in the focal areas where polyps were counted 
(P = 0.66 for the comparison among groups). 

Response to Treatment 

Treatment with 400 mg of celecoxib twice daily 
for six months was associated with a significant reduc- 
tion from base line in the number of colorectal pol- 
yps as compared with the placebo group (28.0 percent 
vs. 4.5 percent, P = 0.003) (Table 2 and Fig. 1). The 
group receiving 100 mg of celecoxib twice daily had 
a reduction of 11.9 percent as compared with 4.5 
percent in the placebo group (P = 0.33). Multivariate 
linear regression analysis confirmed that 400 mg of 
celecoxib twice daily reduced the number of colo- 



Table 1. Base-Line Characteristics of the Patients 
with Famiuai. Adenomatous Polyposis.* 



Characteristic 

Age — yr 
Sex — no. (%) 

Male 

Female 
Race or ethnic group 
— no. (%) 

Black 

White 

Hispanic 
Height — cm 
Weight — kg 
Surgical status — 
no. (%) 

Intact colon 

Colectomy 
No. of polyps 
Polyp size — mm 
Polyp burden — mm J 



Placebo 
IN = 15) 

39.9±11.3 

9(60) 
6 (40) 



0 

15 (100) 
0 

171.5±7.7 
74.6±16.4 



5 (33) 
10 (67) 

15.5±13.4 
2.9±0.5 

44. 7± 36.5 



100 mg oF 400 mg of 

Celecoxib Celecoxib 

Twice Daily Twice Daily P 
IN = 32) (N=30) Value 

38.6±10.0 33.1^10.9 0.04t 
0.84J 

17 (53) IS (60) 
15 (47) 12 (40) 

0.87$ 



1 (3) 
29 (91) 
2(6) 
169.9±9.7 
74.4:2:12.7 



8 (25) 
24 (75) 

11.5±8.5 
2.9±0.7 

34.8*28.1 



1 (3) 
26 (87) 
3(10) 
169.1±11.6 
71.1 ±15.4 



0.74t 
0.39t 
0.45$ 



12 (40) 
18 (60) 

12.3±8.2 0.66t 

2.9±0.6 0.63T 

37.6±29.4 0.65t 



* Plus— minus values are means ±SD. 

"{"The P value was calculated by the Kruskal -Wallis test. 

J The P value was calculated by the chi-square test. 

§Thc P value was calculated by Fisher's exact test. 

iThe polyp burden was calculated as the sum of the polyp diameters. 



rectal polyps (P= 0.005) after adjustment for age, sex, 
surgical status (colectomy vs. intact colon), number 
of polyps at base line, and investigational institution. 

A reduction of 25 percent or more in the mean 
number of colorectal polyps was seen in 53 percent 
of the patients in the group receiving 400 mg of 
celecoxib twice daily (P= 0.003 for the comparison 
with placebo), 31 percent of the patients in the group 
receiving 100 mg of celecoxib twice daily (P = 0.08), 
and 7 percent of patients in the placebo group. In- 
tention-to-treat analysis of the specific response of 
rectal polyps as distinct from colonic polyps showed 
a mean reduction in the number of rectal polyps of 
22.5 percent (P = 0.01 for the comparison with the 
placebo group) in the group receiving 400 mg of 
celecoxib twice daily and of 3.4 percent (P= 0.52 for 
the comparison with the placebo group) in the 
group receiving 100 mg of celecoxib twice daily, as 
compared with a mean increase of 3.1 percent in the 
placebo group (Table 2). 

Whereas the number of polyps was quantified in 
designated small areas adjacent to a tattoo or anatom- 
ical landmark, the full extent of colorectal polyposis 
was assessed qualitatively from videotapes of complete 
anatomical segments of the colorectum by a panel of 
five endoscopists. The videotapes showed that in the 
group receiving 400 mg of celecoxib twice daily, sig- 
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Table 2. Percent Change from Base Line in the Mean 
Number of Polyps and Colorectal Polyp Burden 

IN PATIENTS WITH FaMIUAL ADENOMATOUS POLYPOSK + 

Treated with Ptacebo or Celecoxib eor Six Months. 







1 00 mg OF 


400 mg OF 






Celecoxib 


Celecoxib 




Placebo 


Twice Daily 


Twice Daily 


Variable 




IN = 32) 


(N=30) 


Percent change in no. of 


-4.5±16.4 


-11.9±30.3 


-28.0±24.0 


colorectal polyps 




0.33 
-14.6+31.7 


0.003 


P value 
Percent change in colo- 


-4.9±17.3 


-30.7±25.7 


rectal polyp burden t 




0.09 
-3.4±35.0 


0.001 


P value 
Percent change in no. of 


+3.1±3U 


-22.5 ±26.0 


rectal polyps$ 




0.52 


0.01 


P value 







♦Plus-minus values are means ^u. r ™u« ^ ~- - 

pie Wilcoxon statistic for the comparison of celecoxib with placebo, in the 
intention-to-treat analysis. Negative numbers indicate decreases, and pos»- 
rjve numbers increases. 

tThe colorectal polyp burden was calculated as the sum of the polyp d»- 
ameters. 

ISeven subjects had no rectal polyps at base line or on filial evaluation. 
These subjects arc considered to have had 0 percent change. 



nificant improvement in polyposis occurred in the 
rectum (P=0.01), in the ascending colon and cecum 
(P = 0 02), and in the transverse, descending, and sig- 
moid colon (P= 0.003) (Table 3). The corresponding 
changes in the group receiving 100 mg of celecoxib 
twice daily were not significant, but there was a .trend 
toward a dose response in the rectum (P = 0.07) and 



in the ascending colon and cecum (P = 0.10). The 
combined assessments from all die videotapes of the 
colon and rectum showed a consistent improvement 
in the group receiving 400 mg of celecoxib twice dai- 
ly (P<0.001) as well as in the group receiving 100 
mg twice daily (P = 0.03). 

To estimate changes in polyp area, the polyp bur- 
den was calculated as the sum of the polyp diameters 
The average decreases in polyp burden were 30.7 
percent for the group receiving 400 mg of celecoxib 
twice daily, 14.6 percent for the group receiving 100 
mg of celecoxib twice daily, and 4.9 percent for the 
placebo group (P = 0.001 for the comparison of 400 
mg of celecoxib twice daily and placebo) (Table iy 

Safety 

Both doses of celecoxib were well tolerated. Sixty- 
eight percent of the patients in the placebo group, 
56 percent of the patients receiving 100 mg of cele- 
coxib twice daily, and 57 percent of the patients re- 
ceiving 400 mg of celecoxib twice daily reported one 
or more adverse events of grade 2 or higher according 
to the National Cancer Institute Common Toxicity 
Criteria. 26 Of these, the most commonly reported 
(by at least 10 percent of patients in each treatment 
group) were diarrhea (placebo, 13 percent; 100 mg of 
celecoxib twice daily, 19 percent; 400 mg of celecox- 
ib twice daily, 13 percent) and abdominal pain (place- 
bo 13 percent; 100 mg of celecoxib twice daily, 3 per- 
cent- 400 mg of celecoxib twice daily, 7 percent). 
There were no significant differences in the incidence 
of any adverse event between the celecoxib groups and 
the placebo group. In addition to two patients with- 
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11.9 



- -28.0 



P = 0.003 



Placebo 
(n = 15) 



100 mg of Celecoxib 400 mg of Celecoxib 
Twice Daily Twice Daily 

(n = 32) (n-30) 
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Table 3. Change in Colorectal Polyposis Based on Review 
of Endoscopic Videotapes in Patients with Famiijai. 
Adenomatous Polyposis Treated with Placebo 

OR CF.I.ECOXIB FOR SlX MONTHS.* 



Colorectal Segment 

Rectum 

No. of patients 

Score 

P value 
Transverse, descending, 
and sigmoid colon 

No. of patients 

Score 

P value 
Cecum and ascending colon 

No. of patients 

Score 

P value 
Total colorcctum§ 

No. of patients 

Score 

P value 



Placebo 



15 

-0.1 ±0.3 



6 

-0.2*0.2 



-0.2*0.4 



100 mg OF 400 mg of 
Celecoxib Celecoxib 
Twice Daily* Twice Daily* 



29 
0.2±0.5 
0.07 



3 

-0.1 ±0.1 
0.33 

7 

0.4±0.6 
0.10 



15 29 
-0.07±0.26 0.13±0.22 
0.03 



29 
0.3±0.4 
0.01 



10 

0.4±0.4 
0.003 

10 
0.5±0.4 
0.02 

29 

0.33±0.32 
<0.001 



*Thc base-line and six-month evaluations were compared by a panel of 
endoscopists experienced in the management of familial adenomatous 
polyposis; these endoscopists assigned scores for anatomical segments at six 
months as follows: -1 indicated "worse,* 0 "no change," and I better. 
IUus -minus values are means ±SD of die scores for each group. P values 
are based on the two-sample Wilcoxon statistic for the comparison of cele- 
coxib with placebo, in the analysis of patients for whom the rcspecovc vid- 
eotapes were available. 

■fVideotapcs were not available for three patients. 

t Videotapes were not available for one patient. 

§The score for the total colorectum is the mean of the separate assess- 
ments of the transverse, descending, and sigmoid colon; the cecum and as- 
cending colon; and the rectum. 



drawn for noncompliance, three patients did not com- 
plete the study for the following reasons: suicide in a 
patient in the group receiving 100 mg twice daily with 
a history of psychiatric disorder and a previous sui- 
cide attempt, acute allergic reaction in a patient in the 
group receiving 400 mg twice daily with a history 
of allergies, and dyspepsia in a patient in the group 
receiving 400 mg twice daily. There were no signif- 
icant alterations in mean lab oratory- test values. No 
ulceration was seen on follow-up csophagogastro- 
duodenoscopy in any patient, including the patient 
who withdrew because of dyspepsia. 

After the study was completed, patients were not 
offered continuation of treatment with the study drug 
because the efficacy of the drug was not known until 
the results were analyzed. Three patients (one from 
each study group) arc known to have undergone co- 
lectomy since the completion of the study. 

DISCUSSION 

In a six-month study, we found that treatment with 
a cyclooxygenase-2 inhibitor, celecoxib, at a dose of 
400 mg twice daily was associated with significant 



regression of colorectal adenomas in patients with 
familial adenomatous polyposis. Significant regression 
was not associated with the dose of 100 mg twice 
daily. These clinical findings are consistent with oth- 
er evidence that cyclooxgenase-2 has a role in colon- 
ic tumorigenesis and that selective inhibition of cy- 
clooxygenase-2 may help control this process. 23 

Regression of adenomas was seen in the rectum as 
well as in the left and right sides of the colon. Age 
and whether or not the patient had undergone co- 
lectomy did not affect the results. Nonetheless, our 
six-month study leaves many important questions un- 
answered. These include whether prolonged treatment 
with a medication such as celecoxib can replace, delay 
the need for, or limit the anatomical extent of proc- 
tocolectomy, and whether such treatment can inhib- 
it progression to carcinoma. Our findings suggest, 
however, that celecoxib could serve as an adjunct to 
current management by suppressing polyp formation 
in patients with residual rectum after colectomy and 
in patients with an intact colon who are awaiting co- 
lectomy. 

Sulindac, a nonselective cyclooxygenase inhibitor, 
was previously reported to cause complete or nearly 
complete regression of rectal adenomas in uncon- 
trolled studies, 9 - 10 ' 28 and in a small, placebo-controlled, 
drug-crossover trial of patients with familial ade- 
nomatous polyposis. 11 Regression of rectal adenomas, 
though of lesser magnitude, was reported in two 
subsequent placebo-controlled studies, by Giardiello 
ct al. 12 and Nugent et al. 13 In the former study, 12 
patients treated with sulindac showed maximal im- 
provement by month 6 of the nine-month study. In 
contrast to earlier reports, no patient had a complete 
remission, and the clinical effect was considered in- 
sufficient to eliminate the need for colectomy in pa- 
tients with established polyposis. Rapid recurrence 
of adenomas was also observed three to four months 
after discontinuation of drug therapy. 11 - 12 Evidence 
of long-term efficacy of sulindac is still lacking, and 
there have been case reports of tumor progression in 
patients receiving sulindac. 29 Because of differences 
in patients' characteristics and in study methods, dif- 
ferences in findings among these studies cannot be 
critically assessed. Long-term studies, as well as di- 
rect comparisons of selective and nonselective cyclo- 
oxygenase inhibition, could further define the rela- 
tive clinical benefits of these drugs. 

A key question is whether the inhibitory effect of 
NSAIDs on colon carcinogenesis is mediated by in- 
hibition of either cyclooxygenasc-1 or cyclooxygen- 
ase-2, or both, or by inhibition of other cellular tar- 
gets of NSAIDs. Several lines of evidence indicate that 
cyclooxygenase-2 mediates this process, although non- 
cyclooxygenase pathways may also be involved. 23 . 30 ' 32 
Cyclooxygenase-2 is up-regulated in colonic neo- 
plasms, including adenomas and carcinomas in hu- 
mans and rodents, and in early adenomas in mice with 
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germ-line APC mutations. 17 . 24 ' 33 Selective cyclooxy- 
genasc-2 inhibition reduces the incidence of carcino- 
gen-induced colonic aberrant crypt foci and carcino- 
mas in rats, as well as the incidence of adenomas in 
mice with germ-line APC mutations. 24 ' 34 - 35 There is 
also direct genetic evidence that the cyclooxygcnase- 
2 gene contributed to the development of adenomas 
in a mouse model of familial adenomatous polyposis, 
in which knockout of the cydooxygenase-2 gene great- 
ly reduced the number of intestinal adenomas. 24 Such 
studies support the concept that the antineoplastic 
effects of NSAIDs are attributable, at least in part, 
to inhibition of cydooxygenase-2. 

The specific cellular pathways responsible for the 
effects of cydooxygenase-2 on tumorigenesis are un- 
der study. Current evidence indicates that cydooxy- 
genase-2 mediates mitogenic growth factor signaling 
and down-regulates apoptosis, thus promoting tumor 
growth. 36 38 The induction of apoptosis by selective 
inhibition of cyclooxygenase-2 is relevant to familial 
adenomatous polyposis, in which apoptosis is con- 
sidered to be attenuated. 39 

Preclinical studies have established the role of cy- 
ciooxygenase-2 in colon tumorigenesis and suggest- 
ed a role for cyclooxygenase-2 inhibition in the pre- 
vention of human cancer. Our findings support the 
application of this strategy to studies of the preven- 
tion of colorectal tumors in other populations at risk, 
including persons with sporadic adenomatous polyps 
in whom cellular tumorigenesis resembles familial ad- 
enomatous polyposis. The role of cyclooxygenasc-2 
inhibition in preventing adenomas in adolescents with 
preclinical familial adenomatous polyposis remains to 
be studied. 
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Aromatase Inhibitors — A Triumph of Translational Oncology 
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Great strides have bc<:n made in the diagnosis and 
treatment of early-Bt igc breast caneer, thanks to 
advances in molecuk r medicine, interdisciplinary 
treatment, Arid rapic electronic communication. 
Hormonal therapy, t .ie first and most successful 
targeted therapy for t reast cancer, has saved many 
thousands of lives. Moreover, screening and ad- 
juvant (postoperative) therapy have increased sur- 
vival among womct with breast cancer.*' 2 The 
improvement in survival can be attributed to both 
adjuvant tamoxifen t herapy and adjuvant cherno- 



witb the tamoxifen group, after a median fol- 
low-up of 25.8 months. The incidence of both 
distant recurrence and contralateral breast can- 
cers was reduced. The benefit was greatest in 
patients who had also received chemotherapy, 
who did not receive radiotherapy, and who had 
positive nodes. Longer follow-up is important to 
define the benefit of letrozole in patients with 
node-negative disease. There was no significant 
difference in survival between the two groups, 
but at this point, fewer deaths have occurred 



therapy and has been found in ail subgroups of among women assigned to letrozole, 



patients regardless c f the presence or absence of 
tumor cells in drajring lymph nodes, including 
women who arc premenopausal, those who are 
postmenopausal, trose with estrogen- receptor- 
negative tumors, an i those with estrogen-rcccp- 
tor-positive tumors. Experts are now in the pro- 
cess of classifying 1'rcast cancer, which actually 
consists of a heter >gc»eous group of cancers, 
into multiple categt rics. It is essential to define 
each subgroup prec scly and to delineate distinct 
characteristics and targets that will lead to tai- 
lored therapies that are better than the ones we 
have now. 

In this issue of the Journal, the Breast Inter- 
national Group (BIS) 1-98 Collaborative Group 
reports on a randc mired comparison of letro- 
zole, an aromatase inhibitor, with tamoxifen as 
adjuvant therapy J or postmenopausal women 
with early-Stage b *east cancer. Their findings 
validate the results of previous studies showing 
that aromatase inhibitors were more efficacious 
than tamoxifen in such women. 3 The BIG 1-98 
Collaborative Grou J found a reduction in the in- 
cidence of relapse of 3.4 percentage points at 
five years in the htrozole group, a6 compared 



Five other large trials have also evaluated 
aromatase inhibitors. The Arimidex, Tamoxifen, 
Alone or in Combination (ATAC) trial, with A 
median foJlow-up of 68 months, found that, as 
compared with tamoxifen, adjuvant treatment 
with anastrozole reduced the recurrence rate by 
3.7 percentage points in patients with hormone- 
receptor-positive tumors.* The MA.17 trial, in 
which women first received tamoxifen for five 
years and then were randomly assigned to re- 
ceive placebo or letrozole, found that letrozole 
improved disease-free survival by 4.6 percentage 
points, after a median follow-up of 30 months, 
with a survival difference in the node-positive 
group only. 5 The Intergroup Exemestane Study 
(IBS), with a median follow-up of 30,6 months, 
compared 2 to 3 years of tamoxifen followed by 
2 to 3 years of exemestane with 5 years of ta- 
moxifen therapy and found that the former regi- 
men increased disease-free survival by 4.7 per- 
centage points. 0 The Italian Anastrozole Trial 
(TTA), with a median follow-up of 36 months, 
compared 2 to 3 years of tamoxifen followed by 
2 to 3 years of anastrozole with 5 years of ta- 
moxifen and found that sequential treatment rc- 
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duced recurrent-free survival by 5.8 percentage 
points. 7 Finally, a combined analysis of data 
from two pxjspective, multiccnter, randomized 
trials (the A istrian Breast and Colorectal Cancer 
Study Grouj- trial S plus the Arimidex--Nolvadex 
study) come arcd women who received two years 
of tamoxifen followed by three years of anastro- 
20k with w ?men who were given tamoxifen for 
five years. After a median follow-up of 28 
months, sequential therapy was associated with 
an event-fre z survival rate that was 3.1 percent- 
age points ligher than the rate associated with 
tamoxifen ; lone.* These five studies varied with 
respect to t le number of women with hormone- 
receptor-p( sitive tumors, node-negative tumors, 
and node-positive tumors and the definition of 
outcomes, t is clear, however, that these trials, 
with close to 30,000 participants, consistently 
demonstrate that treatment with an aromatase 
inhibitor a one or after tamoxifen treatment is 
beneficial. The questions that remain are the 
optimal dv ration of treatment with an aroma- 
tase inhibi or, whether tamoxifen or an aroma- 
tasc inhibr or should be given first, whether se- 
quential tr :atment is optimal, which aromatase 
inhibitor if best, and whether an aromatase in- 
hibitor is beneficial for premenopausal, women 
after ovari in ablation. The decrease in contra- 
lateral cancers among women treated with an 
aromatase inhibitor has important implications 
for chcmo;>revention. Ongoing trials should an- 
swer each }f these questions. 

One of the most exciting aspects of the find- 
ings of the se evaluations of aromatase inhibitors 
is that an uiimal model predicted the results. In 
tumor cell s and peripheral tissues in postmeno- 
pausal women, estrogen is synthesized by aroma- 
tase from androstenedionc and testosterone. A 
mouse mcdel was developed to simulate the hor- 
monal mil eu in postmenopausal women and used 
to invest^ ate the ability of aromatase inhibitors 
and tamo cifen to hinder the growth of breast- 
cancer cel'.ss This model predicted a superior clin- 
ical outcome with aromatase inhibitors. The same 
model aho predicts that the administration of 
letrozole llone will be more effective than the 
sequentia. administration of tamoxifen and let- 
rozole.** ?uture analyses of the continued fol- 
low-up oi the BIG 1-9S study, which includes a 
group rar domly assigned to receive lctrozole be- 
fore tame xifcn therapy and a group assigned to 



receive letrozolc after tamoxifen therapy, will an- 
swer this important question. 

A hypothesis developed from the ATAC study 
is that estrogen-receptor-positivc, progesterone- 
receptor-negative tumors are more susceptible 
to anastrozole than tumors that have both types 
of hormone receptors. 11 Although this hypothe- 
sis was not supported by the findings of the BIG 
1-98 study, because of the relatively short fol- 
low-up and multiple subgroup analyses in the 
study, the idea also cannot be ruled out. Data 
that support a differential benefit in patients 
with progesterone-receptor-negative tumors in- 
clude the finding that patients with such tumors 
are likely to have HER-l-positive or HER-2-posi- 
tive breast cancer, positive nodes, tumors with 
high rates of proliferation and aneuploidy, and 
lower median levels of estrogen receptors. All 
these features are typical of an aggressive tu- 
mor. 12 Another area of fertile research is the 
crosstalk between growth factor signaling path- 
ways and the estrogen receptot. This crosstalk 
may result in tamoxifen resistance by potential 
ing agonist properties of tamoxifen- 

It is clear that unlike tamoxifen, aromatase 
inhibitors are not associated with an increased 
risk of thromboembolism or uterine cancer. The 
incidence of fractures and arthralgias is, how- 
ever, increased among women taking these in- 
hibitors. Both complications are the result of 
estrogen deficiency, and they require a thorough 
evaluation with the aim of limiting these ad- 
verse effects. In the BIG i-93 study, the inci- 
dence of serious cardiac events was significantly 
higher among women given letrozole than among 
those given tamoxifen. An increase in cardiovas- 
cular events among patients receiving an aroma- 
tase inhibitor has also been suggested in the IBS 
and ATAC studies. This finding may be due to a 
cardioprotective effect of tamoxifen, but what- 
ever the mechanism, the potential for adverse car- 
diovascular events needs close and careful evalu- 
ation. m 

We have seen a substantial increase in the 
number of patients with small, node-negative tu- 
mors over the past several years. In the future, 
molecular characterization of individual tumors 
will assist in determining the metastatic potential 
of the tumor and its sensitivity to various agents. 
It is our responsibility as physicians to dcterrninc 
the appropriate adjuvant treatment for patients, 
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but the choices are id creasingly complex. Fortu- 
nately, we have the results of large, prospective, 
well-designed, and w ^-executed clinical trials> 
such as BIG 1-98, to acilitate our recommenda- 
tions. We await longer fbllow-up from all the stud- 
ies to enable us to offer patients sound advice 
regarding the benefit? and long-term risks of aro- 
mataBC inhibitors. Meanwhile, all the evidence 
points to aromatase ii ihibitors as critically impor- 
tant for improving the outcome among postmeno- 
pausal women with breast cancer who have pos- 
itive or negative lym; )h nodes and who are at a 
substantial risk for recurrent disease. 

No potential conflict of Ij tcrcst relevant to this article was re- 
ported. 

From the Breast Cancer Sf c«on. Center for Cancer Research, 
National Cancer Institute, E sthcsda, Md. 
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Such tension has been thrown into sharp relief 
over the past 15 months by the push for clinical 
trial registration. 

The academic establishment and patients have 
argued that when patients, motivated by altru- 
ism, participate (or even consider participating) 
m a clinical trial, they are entitled to understand 
fully all the options available to them in the var- 
ious trials that are currently recruiting subjects. 
In addition, their participation in a clinical trial 
should result in generalizablc knowledge that 
will be available to future patients and investi- 
gators to improve patient care. This can happen 
only when appropriate details of the clinical trial 
are made available to the public in a timely fash- 
ion. The Internet and public registries have made 
this possible. 

Some in industry have argued that to open 
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Aromatase Inhibitors — A Triumph of Translations! 
Oncology 

Aromatase inhibitor* — A Triumph of Translations! Oncology - On 
peg* 2BQ7, the sentence that begins five lines from the bottom of the 
right-hand column should have read, "The Italian Anastrozole Trial 
(ITA), with a median follow-up of 36 months, compared 2 to 3 years 
of tamoxifen followed by 2 to 3 years of anastrozole with 6 years of 
tamoxifen and found thai secuentfal treatment Increased recurrent- 
free survival by 5-Q percenta E e points,' not "reduced recurrent-free 
survival." as printed. 
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Clinical Prediclive Value of the in Vitro Cell Line, Human 
Xenograft, and Mouse Allograft Preclinical 
Cancer Models 1 



Theodora Voskoglou-N wiikos, 2 Joseph L.. Pater, 
and Lesley Seymour 

Nations Cancer Institute oC Cat ada Clinical Triuls Group. Omccr 
Clinical Trials Division, Cancer Research Institute. Queen 5 
University. Kingston, Ontario. J .71- 3N6 Canada 

ABSTRACT 

Purpose: We looked it the value of three preclinical 
cancer models, the in vit -o human cell line, the human 
xenograft, and the murini allograft, to examine whether 
they are reliable in predic ing clinical utility. 

Experimental Design: rhirty-onc cytotoxic cancer drugs 
vere selected. Literature ras searched for drug activity in 
Phase n trials, human xenograft, and mouse allografts in 
breast, non-smau cell 1ud| , ovary, and colon cancers- Data 
from the National Cancer .nstitute Human Tumor Cell Line 
Screen were used to calcu) ate drug in vitro preclinical activ- 
ity Cor each cancer type. 1 hase H activity versus preclinical 
activity scatter plot and correlation analysis was conducted 
for each model, by tumor type (disease -oriented approach), 
using one tumor type as a predictor of overall activity in the 
other three tumor types combined (compound^oncnted ap- 
proach) and for all four t amor types together, 
— Results: The in vitro cell Hne model was predictive for 
non-small cell lung cane* r under the disease- oriented ap- 
proach, for breast and >varinn cancers under the coin- 
pound-oriented approach, and for all four tumor ^P^Jf" 
gether. The mouse allogr ift model was not predictive. The 
human xenograft model was not predict for breast or 
colon cancers, but was P r .dictWe for non-small cell lung and 
ovarian cancer* when panels of xenografts were used. 

Conclusions: These 1 esults suggest that under the right 
framework and when panels are used, the in vitro cell line 
and human xenograft mo dels may be useful m predicting the 
Phase H clinical trial pei formance of cancer drugs. Murine 
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allograft models, as used in this analysis, appear of limited 
utility. 

INTRODUCTION 

Bolh basic science studies and clinical trials arc esscTrtnU. 
components of the cancer drug discovery process. Potential 
therapeutics found to be significantly better than no treatment or 
standard therapies active) in preclinical laboratory cancer 
models or compounds with novel chcmotypcS and equivalent 
effectiveness to standard treatments are advanced to confirma- 
tory testing in early (Phase I and IT) clinical trials. Considering 
that RR 3 is a reasonable surrogate end point for survival (re- 
quired but not sufficient), a favorable RR in Phase U trials 
advances a drug into additional clinical testing and is considered 
a prerequisite of drug success in the clinic. 

Advancing of a candidate drug from preclinical testing in 
the laboratory to testing in Phase II clinical trial, is based on the 
assumption that drug activity in cancer models translates into at 
least some efficacy in human patients. Lc. that cancer labora- 
tory models arc clinically predictive. In addition, the relevance 
of tumor type-specific preclinical results for the corresponding 
human cancers ia tbc clinic can be viewed through two different 
approaches: compound-oriented, where a drug is assumed to 
have potential activity against all human tumor types if it is 
effective against a single test tumor type, and diseasc-onented. 
where a drug with preclinical activity jn a single tumor type 
would only be expected to be effective in the same tumor type 

^ Pa Although widely adopted, the above-mentioned assump- 
tion and approaches have not been confirmed by studies to date 
In addition, a» studies aimed to examine the clinical predictive 
value of laboratory cancer models inevitably suffer from Inher- 
ent bias because compounds with no activity in preclinical 
models are generally not advanced to clinical trials- 

This work was undertaken to examine die clinical predic- 
tive value of three preclinical cancer models that have found 
wide use: the human in vitro cell line; the mouse allograft; and 
the human xenograft. In these models, tumor volume or life span 
(in vivo mouse models) or cell growth ttn vuro cell lines) v> 
compared between the treatment group receiving the new drug 
and a control group (active or inactive control). 

The use of preclinical cancer models for selection of po- 
tential cancer therapeutics w*s pioneered by the NCI in the 
United States in the mid-1950s. The screening saatemes used 
until 1990 were essentially compound oriented and involved a 
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small number of predominant y murine allograft tumors, with 
emphasis on leukemia (1-7). 5 evera! studies from the NCI and 
others demonstrated that this tpproacb had low clinical predic- 
tive value for activity in Phase U trials (5-9) and yielded 
compounds with selective activity toward human leukcmias and 
lymphomas (10-12). Thus, in 1990, the NCI introduced a dis- 
ease-oriented in vitro Human Tumor Cell Line Screen com- 
prised of 60 cell lines from Ihe most common adult tumors 
(13-17). The screen was desij ned so that each tumor type was 
represented by a panel or ce 1 lines, selected on the basis of 
different subblstologicaJ Team es, and common drug resistance , 
profiles It was hoped that thi:. screen would help identify drug 
leads with high potency and/cr selective activity against partic- 
ular tumor types. 

Recently, the NCI examined ihe correlation between drug 
activity in Phase n clinical trials and preclinical activity in 
cancer models (18). Import* t findings were; M with the ex- 
ception of NSCbC. preclinicf i activity in human xenografts of 
a particular tumor type did no^ correlate significantly with Phase 
II activity in the same type o ' tumor, <Jb) with the exception of 
breast and colon histologies, luraan xenografts did not signifi- 
cantly predict Phase n clinic u* activity in other cancers types: 
and (c) compounds that wcrt active in at least one-third of all 
tested human xenografts wire likely to have at least some 
activity in Phase n clinical u ials. 

Studies examining the C tnical predictive value of preclin- 
ical cancer models outside the scope of the NCI screening 
programs have focused on thi human xenograft model and have 
looked predominately into • ame-tumor correlations (disease- 
oriented approach). These st idies have produced both positive 
Cthe model was found clinically predictive) and negative (the 
model was found to have no finical predictive value) results in 
various tumor types (19-27^. 

Two major criticisms cm be made on ihe overall body of 
literature concerning the clirical predictive value of precUnicai 
cancer models. Firsu the va t majority of studies to date, both 
within and outside the NCI, 1 iave based their conclusions on the 
observation of trends rather than the use of statistical methods. 
Second, all studies conducted previously have used dichoto- 
rnous definitions of preclinic al and/or clinical activity based on 
largely invalidated cutoff va ucs of measures of activity: a 20% 
RR in Phase n clinical tri ds and (most commonly) a 42% 
T/C% id human xenograft and mouse allografts. 

In addition, two impo.tant questions have not been ad- 
dressed at all by previous sh dies: the clinical predictive value of 
the In vitro cell line model a id the relative clinical usefulness of 
the different preclinical career models in use today {Lc. how 
different models compare with each other in terms of their 
ability to identity clinically effective drugs). * 

Thus, we conducted a ;tudy comparing the clinical (Phase 
IT) predictive value of thrct. widely used preclinical laboratory 
cancer models, the in vitro human cell line, the mouse allograft, 
and the human xenograft. We used quantitative measures of 
both clinical and preclinical activity and statistic^ methods. We 
considered three relevant cuestions: (a) the clinical predictive 
value of the three models % 'ithin the same tumor type (disease- 
oriented approach): (*>) the clinical predictive value ofthe three 
models when one preclinic; 1 tumor type is used as a predictor ot 
overall clinical activity in all other tumor types (compound- 



oriented approach); and (c) the clinical predictive value or the 
three models when overall preclinical and clinical activity in all 
tumor types combined is considered. 



MATERIALS AND METHODS 
Study Design 

A retrospective, literature-based study was conducted. Data 
were retrieved from studies published between 1985 and 2000. 
This period was chosen as one when all three preclinical cancer 
models of interest to this study were in use and because it was 
long enough and dose enough to the present as to afford data on 
a relatively large number of recently developed drugs. 

The data search was restricted to four of the most common 
and commonly studied solid tumor types, breast, colorectal, 
ovarian, and non-small cell lung cancers, to ensure that suffi- 
cient data would be available. 

The Medline and CancerUt databases were used for the 
collection of published data. In an attempt to minimis publi- 
cation bias, both paper publications (peer reviewed) and meeting 
abstracts (nonpecr reviewed) were used as sources of informa- 
tion. If published data were not available for identified drugs, 
manufacturers were contacted for unpublished data. 

Selection of Drugs 

Drugs were identified by searching the Medline and Can- 
cerUt databases Tor compounds that had undergone single agent 
Phase I clinical trial testing either in 1991 or 1992. AgcnLs with 
novel targets such as signal transduction or angiogenesis mod- 
ulators were not included. 

This Phase I-bascd approach to agent identification was 
used to ensure selection of agents developed within the study 
time frame of 1 985-2000: agents with a published Phase I 
clinical trial in 1991 or 1992 were expected to have been 
through preclinical testing between 1985 and 1990 and to have 
undergone Phase II clinical evaluation by the year 2000. In 
addition, this approach was adopted to minimise publication 
bias: publication of Phase I trials is generally less dependent on 
the observation of favorable tumor responses than publication of 
Phase U trials or of preclinical cancer model experiments. 

Data Collection and Drug Activity 

Phase n Clinical Trials. Phase II clinical trials for each 
drug were identified by searching the Medline and CanccrLit 
databases for scientific papers, reviews, or meeting abstracts. 
Duplicate publications were discarded. For trials with only 
abstract information, an additional search by author and/or in- 
stitution name was conducted in Medline or CancerUt. Scien- 
tific papers were used in preference to abstracts, where possible. 

Two restrictions were applied. The first was a geographic 
restriction: to ensure uniform methodology in ^al con^ct and 
RR assessment, only Phase II trials conducted in the Americas, 
Western Europe and Australia were included in the analysis. 
The second restriction referred to the treatment population and 
aimed to ensure that uniformly responsive populations of pa- 
tients would be considered. For breast and ovarian cancer, only 
Phase II trials that included patients who had received prior 
chemotherapy for metastatic disease were used, whereas for 
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NSCLC and colon cancers, tb > Phase n trials selected Included 
r,-,H c nts who had received no prior chemotherapy. 
P For^ach individual Pbas- H trial the following inform^ 
was collected: disease site; previous chemotbc^: d^e 
state- number of patients ente cd; eligible; evaluable and evalu- 
aWe fo^poDsc. number d complete and partial responses; 

Sent used for respond (standard WHO versus othcr)_ 
TrialTU to have enrolled a r tinimum of 14 P aucn«.alW12 
of whom must have been valuable for response. Completed 
Pha^e U triTfor which >20' - of entered patients were listed « 
Suable for response wen considered ^° d ° )o ^ y ™Z 
^epmble and were not used. For trials in progress at tite ume 
ofrTporung (meeting abstract format only) fh< -v»l*Weda* 
were used even if they re)Tesentcd <80% or uie cnreuicu 
^tonU provided that they rret the 14-patient criterion. If a trial 
SSS not specify * - previous chemotherapy ^ 
status of patients, it was not used. Information from Phase _I-IT 
SaU was used only when th.- Phase I and II component of the 
wefe^araiely conduct* and reported Phase II mfonna- 
was ejected regardless of drug dose and route of admin- 

iStrat For a given drug, in a ;.iven cancer type, the activity in a 
s m JphLe II ci inic I. trial v as recorded as the RR: the nuinber 
of pStd complete tumo responses over the total mmabcr. of 
naticnto evaluate for respon 5 e. The number of evaluable rattier 
patients wis >tsed to accomtnod^ >^™^ 
ft»m triais for which final re -ults were not available. In the very 
^w c^ where the numb* of patients evaluable for r»ponse 
Z not provided, the numb, r of evaluable P^-^^e number 
of elieiblc patients, or the m mber of patients entered I in tbe trial 
(wnSvefwas provided b- the investigators) in that parity 

^TXn' a drug's o -cral. clinical activity in rnuWple 
Phase n trials of patients wit i the same wmor j" 1 ***™^ 
and the coUeclive number of patients ^^*f°<™P°™ 
were pooled from individu: i trials to calculate an ^rall WR- 
Fmally. to get the Phase n activity for any three or 
^combined, the indiv dual tumor RRs were 
yP Human Xenografts a td Mouse Allograft. The ^search 
strategy for mouse cancer model data were similar o tfc tePhase 
^recess. Tbe only exclusi >n in this case ^ 
wifl, mouse tumors that wtre engineered to *™*^"**™ s 
acteristics such as. for cample, overexpression of protems 

raft or human xenograft, numerical 
valued of activity for drtgs of interest was retrieved only 
expressed as the treated ovt r control tumor volume rauc , CT/C%) 



^"Vwe^ c;..c^ (wh C re RV - relative vol- 
conLToi/j defined for regressions [T7C% - 

rhc T/C%. Activity reported as ail mice curea or iw «> ™ tr 

waTconsldTred «,uiva>ent to and recorded as aT/C% 



= 0 If no exact T/C% value was given but an interval of values 
was' Provided instead (ue., T/C* >«). a T/C% equal ^ toe 
interval midpoint value (i.e., a T/C% = 71) was 
Finally, where preclinical activity was reported as GI%. it -as 
Lverted to T/C% by the formula T/C% -100% - ^OMb. The 
activity value for the most effective, nontoxic dose In each 
schedule was recorded. , .„ w fhA 

Single tumor type preclinical activity of eacb drug in tite 
murine aUograft or human xenograft models was defined as the 
mean T/C% value from all tested allografts/xenografts of that 
ZZ< yZ Where the same laboratory had tested a sing e 
™rSograft with multiple schedules of the same , drug 
Sphere *Tsame xenograft/allograft had been 
the same drug by more than one laboratories, T/C% values i for 
S tumour w y ere Obtained by first averaging the same lab- 
ratoryT/C% values and then the same xenograft T/C% *es 
Overall preclinical activity in xenograTts/aUografts for a 1 
four tumor types together was expressed as the average of single 

^^JS^T^or Ceil Ones. The publicly avail- 
able datTtonfthe NCI's Human Tumor Cell Line Screen w*s 
Sei afthe information source for the in vino ~ «»hne 
model. Information from the NCI in vitro Human JumotCeU 
1 ine Screen was favored because it was a readily available. 
weil-dS. comprehensive, validated, and -tensive single 
source of data. Another important reason was that as an explor- 
3TlHcramre search showed, there was such a wide variation 
SZEf SSTrenflnvestigators in the types of assays used and 
*eTa^e of cell lines tested that it would have been ^.Wc 
£ comprehensively combine published data from various labo 

rat0ri Acouisition of NCI Human Tumor Cell Line Screen data 
were SSj ^the internet * formation for 
obtained through its NCI code number or NSC number Such 
numbers, where available, were Identified eiflier from the Iter 
ature or from a cross-reference of compound names and NSC 
numbers in the NCI database (also available on the NCI web 

"^ Testins or compounds in the NCI in vllro Human Tumor 
CellLfnricln h^been described previously (17). Bnefly^ 
^w£ inhibition in cell lines is measured by the Glso. uefined 
aTthe drug concentration that causes a 50% reduction m cell 
Sr i/test plates relative to control plat*.! P«W «g 
entering the screen, a concentration range comprised ^of five, 
10-fold dilutions is tested in each of a &™v/*° n ~f 
The optical densities between treated and control ^ 
resulring from the sulforhodamine B a^say. are used » construct 

^cd 0 ^wiTnnibtti'on) or hfgb JL*. the lowest 

ssss: t t ed Sj- > srr -sriTss 



internet address: '^•7/www^«p.«cl J .m. B oWWcane e r/«»reh eS / 
CBncer_opctL.compiniiids.html. 
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range are recorded as ihe ap ^roximatcd GI 50 S- GI 50 s are then 
converted 10 their Log» 0 valut 8 and the overall mean Logi 0 GI 50 
across all cell lines in the screen is calculated. Finally, the 
results are displayed by a bar graph called the mean graph (28). 
This graph lists all of the c sll lines and their corresponding 
Lo gl0 Gl 5O s and relates the magnitude or every individual cell 
line Log 10 GI S0 to the mean L »g l0 GI 50 across all of the cell lines 
by a bar to the right (more sensitive than average) or to the left 
(less sensitive than average) c f a vertical line. The experiment is 
repeated several rimes for eich concentration range. In cases 
where mean graphs are base i on mostly approximated Gl so s, 
other higher or lower concentration ranges of the drug (again 
made of five, 10-fold dilutio is) are also tested. Tbus, for each 
compound tested in the NCI in vitro Human Tumor Cell Line 
Screen, multiple GI 50 mean iTaphs (one for each concentration 
range tested) based on mult pie experiments each and with a 
different content of approximated versus calculated (by interpo- 
lation) Gl 30 s may exist in th : NCI database. 

We obtained all of the a stable GI 30 mean graph informa- 
tion from the NCI web site fo • all drugs in our list of compounds 
with known NSC numbers. 4 For every drug, we recorded the 
number of concentration ranges tested in the NCI in vitro 
Human Tumor Cell Line Screen, the number of experimental 
repetitions conducted for eac l concentration range, and, finally* 
the number of approximated Logi 0 GI so s in each mean graph. 

The drug concentration range that produced the mean 
graph with the smallest nur iber of approximated Log 10 Gi Sf> s 
was used for scoring a drug's activity in the NCT in vitro Human 
Tumof Cell Line Screen, unl jss a different concentration range 
existed, with a number of ipproximated Log, D GI 3 <yS varying 
< 10% from the first but for v -bich more experiments were done. 

Preclinical activity in tV c NCI in vitro Human Tumor Cell 
Line Screen was scored in two different ways: by the mean 
Lo gj0 GI S0 and by what was termed the activity fraction. For a 
given drug, in a given turn >r type, the mean Log, o Gl 50 wa* 
computed by averaging the I og^GI^ from all or the cell lines 
of that tumor type in the me: ji graph corresponding to the most 
appropriate concentration raj igc. The activity fraction was arbi- 
trarily defined as the numbei of cell lines of a given tumor type 
in which the individual Log :o Gl S oS were more sensitive to the 
drug than the average Log t >GL 50 (for all cell lines of all cell 
types) in the mean graph ever the total number of cell lines 
tested from that tumor typ;. The activity fraction was also 
calculated from the mean graph corresponding to the most 
appropriate concentration nnge. Overall mean Log 10 Gl 3t >s or 
activity fractions for all fou * cancer types combined were cal- 
culated by averaging the sir gle tumor values. 

Statistical Analysis 

For each preclinical ca icer model, 9 Phase n versus pre- 
clinical activity relationship < were examined for a total of 27: 
relationships by tumor type (disease-oriented approach. 4. rela- 
tionships/model), predictive ability of one tumor type for the 
other three rumor types combined (compound-oriented ap- 
proach, 4 relationships/mod. d). and general predictive ability for 
all four tumor types combii ed (1 relationship/model). 

Relationships were fir :t examined descriptively with the 
construction of various Pha :e II overall activity versus prcclin- 
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Drugs selected for data collection. NSC numbers are shown, 
where available 



Drag 



NSC number 



Taxotere 

Faclitaxcl 

Topotccan 

Irinotecan 

Rhizoxin 

Gemdiabine 

Fazarabinc 

Tenyposide 

Mexiogaril 

Fosquidone 

Elsamitrucin 

AmonaGde 

Dtdcrmiin B 

Suramin 

Raltiurexcd 

Flavonc ucetfc acid 

Epirubicin 

CT-921 

Trunetrexate 

Multi targeted antifol 

Vinorcibine 

Puitrexim 

FotcmuKtinc 

Cl-980 

Chloroquinoxaline sulfonamide 

IlmofosinC 

C1-9A1 

Tiazofurin 

Pyrazine diazohydroxide 

Tallimustine 

Crisnatol 



628503 
125973 
609699 

332598 

28)272 
122819 
269148 
D6U615 
369327 
308847 
325319 

639186 
347512 
256942 
343499 
352122 



351521 
339004 



2S6193 
361456 



ical activity scatter plots (Microsoft Excel software). Each point 
on these scatter plots represented data from one drug for which 
both Phase IT and preclinical activity values bad been calculated 
from literature Bourccs, as described above. 

After descriptive evaluation of the data. Spearman rank 
correlation coefficients were obtained using the SAS software. 
UNIX version 6.12. A significance test of every correlation 
coefficient was performed, and the corresponding P$ were cal- 
culated. Spearman rank (nonparametric) correlation coefficients 
were used because the distributions of the x (preclinical activity) 
and y (clinical activity) variables were not normal (29). 

When multiple comparisons are made within a group of 
data such as in this work, tbcre is increased possibility that some 
correlations will come up as statistically significant solely be- 
cause of chance (false positives). To avoid this, multiple com- 
parison correction methods {e.g., Bonferroni approach) are often 
used to adjust the significance level to a lower JP than conven- 
tionally used. However, relying on corrected probabilities in- 
creases the possibility that meaningful correlations will be 
missed (false negatives), making the nature of the scientific 
work key to the decision to use multiple comparison adjustment 
methods or noL Because this was an exploratory study, we were 
willing to accept a higher probability of false positives to ensure 
that potentially meaningful associations would not be discarded. 
We therefore did not correct for multiple comparisons and chose 
a level of significance of 0.05. 
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C. ALL FOUR VS ALL FOUR 



r -0.10 p-0.703 
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r , Phase H Activity (ovcrell response Yf f^^^^ 

fetation analysts for the inv/rro «ll 'u-ngdrt. ^ *°^ v f n , ^' flnd without <"w/o orrowO »he 

didemnin B. elsamitrueta, or ttuzoxlo Zt^ fZ^^^fi level. A . relationships by rumor type. B. 
inclusion of those point*. * ino c:^ statistical » l S n j^^ c ^,^„ c ] ated with Ae Phase 11 activity in the 

ot»^^^^ cUnira, oct)v,,y ta rour ~ 

combined. 



A»W.ty (mam Los"> a "> 
I— .0.73 P--O.017- 



RESULTS . . , 

Tbc Medline and Ca> cerLit databases were searched for 
cancer drugs (excluding ag.mts with novel targets such a* signal 
transduction or aoglogene U modulators) that 
single agent Phase 1 clinicfl trial testing either in 1991 or 1992 
Tbis search led to 97 dru,: n-mes. After exclud.ng drug .Out 
we,; eliminated from adcitional clinical testing 
reasons (for example diff culties wi* the d ™Sj^^' 
drugs that were spocificaly developed for a certain type of 
eanfer (as for example -ormone-regulating compounds for 
or^st cancer) and drugs d at were still the subject of published 
PW I studies in 1991 an, 1 1992 despite already being licensed 
S use before 1915. a list of 31 agents was obtained 
fTablel) After applying I oe restrictions and criteria mentioned 
unotl "Mairials and Moll ods." we extracted from ^ Ut^ure 
preclinical and Phase a activity information for those ^agenfa on 
four common cancer types, breast, NSC1X. ovary, ^ 
Overall 100 preclinical ind 307 Phase U clinical literature 
Series were used sp-nning the period between 1985 and 
2000. 



No preclinical data were found for 5 of the 31 drugs 
researched. Of the 26 drugs remaining, availably of P^«"*J 
and Phase U data varied, depending on which preclinical and 
clinical tumor(s) bad been tested and jf^'" ^*J^ 
Thus, each of the relationships examined had a different number 
of data points as different subsets of drugs were inc uded. The 
most dam points for any relationship wore 17. For six rplation- 
Xs five or fewer data points were available (relationships 
Sewer than five data points were not included in the results 
presept^belo^ ^ ^ ^ i ^ 

activity versus preclinical activity scatter plots and correlation 
analWs for the in vitro cell line model wben the mean 
?Z OX was used as the measure of preclinical activity. 
SSfiS. Twer the mean Lo Blo Gl S o- *c higher die potency 
of a drus, a negative correlation between mean Log 10 Gl so ana 
Phien overall RR was expected if the model bad a good 
ciintcal pmoSve value. Significant negative corrections were 
found for NSCLC (Fig. M). for breast or ovanan cell Unas 
vVrlt olerTl Phase n activity in the other three tumor types 
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I 0.19 
• 0.00 



?tr«Unk»» Attlvfty (mean T/C%J 
r — 0.21 p -0-439 
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23 JO *» 100 

f--0^0 p- 0-3*1 
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6 0X30 




Ptr-cHaJcal Ac* T/C%) 
r--ao? p - 0.966 



p-OJlS 



--0.08 p-0.8W 



« *«> 

r-0.03 p- 0.933 



r --o.<* P-fii>s« r ~ . . ^.„ iTvrpnMn T/C%^catlett»lot8 and correlation analyses for the human xenogtaft 

in the other three tumor types i ombincd. 



(Fig. 1/3). and for preciinica activity versus Ph^ n activity in 
all four tumor types (Fig. 1 . . , . , 

Although the trends tbserved with the activity fraction 
were similar to ones seen for tbc mean Log lo GI 5 o measure, no 
wrrelations were statistical y significant in this case (data not 

Human Xenograft Nodel. A negative correlation be- 
tween Phase n RRs and mean T/C% values was expected to be 
indicative of a good clinical predictive value for tbc human 
xenograft model. As shown In Fig. 2. no significant correlaoonfi 
between preclinical and cli lical activity were observed for this 
model in our analysis. , , „ 

For some of the dru $s, preclinical activity calculates 
were based on multiple hi man xenografts of the same tumor 
tvDe (£.« panels) while fo- others on ooiy a single xenograft. 
The relationships in Fig. 2 were reanalyzed, including only Ihe 
drugs for which preclinica information on more than one hu- 
man xenograft was availabl = (Fig. 3). The results W oMdwp 
for breast or colon tumor ; (compare Fig- 3A witb Fig. ZA). 
However, the relationship ; or NSCLC became statically sig- 
nificant and a highly signif cant chelation w» seen for oyanan 
cancer (Fig. 3A). A near .ignif.cant correlation was i*U^ 
when ovarian human xeDDgnifl panels were used to predict 
clinical activity in the oth >r three tumor types combined QFig. 

3S) ' Murine Allografts. No significant correlations between 
preclinical and clinical activity were observed for any of the 
relationships examined in this study for the murine allograft 

model (data not shown). . _ , . . 

Additional Analyses The scatter plots in Fig. 1 reveled 

an interesting observation: in every relationship except for colon 



cancer under tbc disease oriented approach, an obvious trend 
toward a negative correlation was evident except for one to three 
outlier data points (Fig. 1. arrows). Interestingly. In all cases, 
these outlier data points corresponded to the same three drugs, 
namely elsamitrucin, didemnin B, and rhizoxin. 

in an attempt to provide a possible explanation Tor this 
observation, we considered the mechanism of action of all drugs 
that were included in the correlations in Fig. 1. From a total of 
IS drugB (Table 2), 5. namely, elsamitrucin. didemnin B. ttu- 
zoxin. flavonc acetic acid, and fosquidone. w 6X c distinct m that 
they seemed to act through mostly unknown pathways that were 
not the typical DNA-based mechanisms of action of cytotoxic 
cancer agents. Thus, although flavone acetic acid and fosqui- 
done fitted the rest of the data, there seemed to be a plausible 
mechanistic basis for die outlier behavior of the data points for 
elsamitrucin, didemnin B. and rbisoxin. In Fact, exclusion of 
these three drugs led to highly significant correlations in all 
eases except for the same tumor relationship in colon cancer 
(Fig. I, correlation coefficients and Ps for "w/0 arrows ) It 
should be noted that none of the relationships exam ned for the 
human xenograft models (Figs. 2 and 3) included elsamitrucin. 
didemnin B, or rbinoxin as data points. 

Because of the intriguing results obtained with the buman 
NSCLC and ovarian xenograft panels in Fig. 3A, a more detailed 
examination of these panels was pertained. As seen in F.gs^4A 
and SA, the 6 ovarian and 7 NSCLC xenograft panels differed 
both in the numbers (minimum of 6 and m ax.murn of 13 for 
ovary and minimum of 2 and maximum of 8 for NSCLC) and 
tbc identity of the xenografts that they contained. Analysis _by 
eradc/histology was hindered by lack of complete information 
on all xenograft.. However, some patterns appeared distinguish- 
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Table 2 Mechanist) s of action 
Atypical cy totoxics arc she wn in bold 
Drug 



Amonafide 
Ci-921 
Didcmnin B 
Eteamitrucin 



Bpirubicin 
Pazarabinc 
Flavone acetic acid 

McnogartJ 
piritrexim 
RhiZOXln 

Taxol 

Taxotere 

Teniposidc 

Topotccan 

Trimctrexate 

Fos qui done 

Tomudex 

Tiazofurin 



of drugs used in clinical vs. preclinical correlation,* for the /«• vitro cell line model (Pig. 1> 

' Mechanism of action 

DNA inlercalator 

Acts on topoiRoroenise II 

Not understood. Believed to act on protein synthesis 

Not understood. Tt has been observed to inhibit topoisomerase 1 and II in. * v ''f* . 

experiments (relevance to in vivo uncertain). In cells in culture it has been observed 

to cause a cytostatic effect, 
Attaches to DNA at G bases . . , nMA 

Probably inhibits DNA Bynthesis by incorporation into DNA. . .. . tn 

Has antiUcular action in mice (probably not applicable to humans). AfcO bg£vcd to 

induce ceU cycle arrest by generating rcacdve oxygen species that act on DNA. 
Causes cleavage of double-stranded DNA by inhibiting lopoisomcrase IF 

lead to ceU cycle arrest. Also observed to acl as an angaogenesls inhibitor. 
Microtubule destabilizing agent that causes apoptosis 
Microtubule destabilising agent lhat causes apoptosjs mm(tle _ 
DNA synthesis inhibiucm by stabilization of cleavablc DNA complexes 
Topoisomerase I inhibitor 

AntifoJatc . 
Unknown. Not a DNA binder or a topoisomerase inhibitor 

£hffi l W^»-- *» rate limiting «y* tor ^ ribomx^c 
synthesis . 



able. A) I ovarian panels * 
tumors and also included 1 
erately differentiated subtyj 
included adenocarcinoma x 
(Fig. SB). These observari< 
histological/grade subtypes 



ontained 10-20% undifferentiated 
oth poorly differentiated and mod- 
es (Fig. *B). For NSCL.C, all panels 
inografts with afrecruency of >30% 
ins suggested that the frequency of 
within a xecograf t panel may be an 



important determinant of clinical predietivity rather than the 
number or the nature of the xenografts. 

In an attempt to explore this hypothesis and to further 
examine the validity of the results obtained for ovarian cancer 
and NSCLC in Fig. 3A, the literature was reviewed for addi- 
tional data. Six more agents with known overall Phase n RRs in 
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DATA JOINTS (DRUGS) 






NAME 


HISTOLOGY f . 
GRADE I 


PIRUBlCtW 1 


TOSQUU50ME C 


1EMCTTABIKB > 


4BMOGARI1, 1 


-AXOTEKE p 


AOJTAXBL 


MtU-H-207 


ttp4t£fferccl.urtod 


* 






♦ 






A2780 


undjllcrciitiatrd 




4> 




* 








mod. din. mucinous 
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■*• 


*- 




* 
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OvCR 


rood. difT.» mucinous 










+ 




Fko 


mod. dllTU *erotis 
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poorly dlft, serous 














A2T8Q/DDP 


undifferentiated 














A27S0/DX 
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SKOV-3 


cdonoCBrcinoinB 
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cysto»denocarctr>oiwft 
















dcdiTL »efO** odenoo. 














IORCTV 1 


tnoderslely diffi 












4- 


OVCAR-B 


poorty difL Bdcooc. 














OVOAJl-5 


pdenocxLrci&omt 
















poorly diff-. Bcious 














HOC22-S 
TOTAL NO 


poorly dift. MtWJ 


10 


10 


6 


8 


)0 



KISTOl-OC 
HISTOtOCV/ 


;y/g*ad s n 

ETlRUfclCD 1 
N'O- (%) 


&EQW*CIES 

FOSQUIOONB 
NO. (V.) 


IN HUMAN OV 

GEMOT ABD^E 
NO. (%) 


'ARIAN xeno 

MBNOQARTU 
NO. f>> 


GRAFT PAr 

TAXOTBKE 
WO- (%) 


PACUTAXEL 
NO. (%) 


GRADK 

utnllfflrrent sited 
mod. diff.. nwdnoo* 

mod, dift".. serous 
poorly difL, mucinous 
poofly dift, KcrettS 
ujispee*ric<J 

TOTAL 


1 (20) 

2 (2« 

1 (io> 
1 o°) 

0 (0) 
4 (40) 

10 (ioo 


1 (10) 
3 (30) 
1 (20) 
I (10) 

1 (io> 

2 (20) 
lO (100) 


1 07> 

2 (33> 
2 (33) 

0 (0) 

j o <<» 

1 (17) 
6 (100) 


2 (25) 
2 &S> 
1 02.5) 

1 (12.5) 
0 (0) 

2 (25) 

8 (J 00) 


1 (10) 
1 00> 
1 (10) 

1 (10) 
4 (40) 

2 (20> 

10 (too) 


3 (23) 
0 (0) 
0 (0) 
0 (0) 
2 (15) 

] a («> 

J »3 (100) 



Fig, 4 Human ovarian xeno- 
graft panels for the Rix data 
points (drugs) used in the "Ovary 
versus Ovary" relationship in 
Pig. 3A, A, name* and histology/ 
grade (? = unknown, mod. 
diff. = moderately differentiated, 
poorly diff. = poorly differenti- 
ated, deduX = dedifferentiated, 
adncrc - adenocarcinoma) of all 
of the xenografts tested. Inclu- 
sion of a particular xenograft in 
one of the panels is shown by a 
M +" sign m die corresponding 
row and under the appropriate 
drug column. B. riislology/grade 
subtypes in the human ovarian 
xenograft panels by number and 
percentage. 



previously treated patients ■ 
and one of these compound 
6 human ovarian xenograft 
the hislology/gra<te pattern 
the names and Phase II R) 
together with tbc six cot 
analysis in Fig. 3A Fig. < 
values scatter plots and st» 
for when all of the availa 
and second, for when rn 
where possible, on the aritf 
one used for geracitabine 
tions were obtained in bot 
For NSCLC inform; 
found: amsacrine [mean T 
to 0.06 (31)] and doxorubi 
n RR equal to 0.12 (3 2 
human xenograft panels 
subtypes and had adeno* 



vjih ovarian cancer were found. Five 
; had been tested in a panel of 15 and 
s. respectively (26. 30), which fitted 
* identified in Fig. 4£. Fig. 6A lists 
is (31-56) Of these additional drugs 
mounds thai were included in the 
. A and B. also snows mean T/C% 
.tistical analyses for two cases: first, 
>le xenograft information was used, 
*-ao T/C% calculations were based, 
imcticaUy smallest panel, namely the 
in Hg. 4. Highly significant correla- 
h cases (Fig. 65), 

tion on two additional agents was 
C% Of 62 (26) and Phase II RR equal 
;in [mean T/C% of 47 (26) and Fhasc 
] Both had been tested in NSCLC 
that included all three histological 
orcinoma contents of 29 arid 33%, 



respectively. As for ovarian cancer, those two additional data 
rpoints (Fig. 5C, arrows) enhanced the statistical significance of 
the relationship observed in Fig. 3A. 

DISCUSSION 

A literature-based, relrospeetive study was conducted to 
examine tbc clinical predictive value of three widely used pre- 
clinical cancer models, namely, the in vitro human tumor ^cc I 
line, tbc human xenograft, and the murine allograft models. Four 
soil* tumor types were selected. breasU NSCLC, ovary and 
colon and datTon a set of 31 anticancer ageu* (excluding 
agents with novel targets such as signal tr^sductjon or an©o- 
glnesis modulators) were collected. PrecboScal acUvity in each 
model was correlated with RRs in Phase H clmical trials by 
tumor type (disease-oriented approach) in the case when one 
prcelim^ tumor type was used as a predictor of over^l cUnieal 
acuVity in the other three tumor types combined (compound- 
oriented approach) and for all four tumor types together. 
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Fig, 5 Human NSCLC xcnogia 
the Rcvcn data points (drug*) 
NSCLC versus NSCLC rcUitlor 
3A. A, drug pamcB (EPl — 
FAZ = fazarabinc, CEM = 1 
IRlNO - irinotcctm, PACL1T k 
TOPO = lopotecan, VINKLB 
bine) and histological subtype 
known) of all of the xenografts \ 
won of a particuiur xenograft i 
panels iB shown by a "- L " sign 
sponding row and under the npp* 
coJumn. B. histological subtype 
man NSCLC xenograft panek 
and percentage. C. sculler plot 
tion analysis for the same tu 
versus preclinical activity rcl 
NSCLC. including Ihe seven t 
6A as well as two additional s 
robtcin and amsacrine (data r 
with arrow)* with known NSC 
and human xenograft activities 
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C. NSCLC VS NSCLC (ADDITIONAL DATA) 
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Colon cancer was the 
amount of clinically aciiv 
tied: only 3 drugs with Pb 
(Figs. However, this 
clinically effective drugs 
result of selection and put 
When the mean Log 
was used, the in vitro cell 



only site for which a disproportional 
- versus inactive agents were identi- 
ise U RRs > 0.15 and 8 with 
was HUely a reflection of the lack of 
for this tumor type rather than the 
ilication bias. 

o GI 50 measure of preclinical activity 
jne model was found to be predictive 



of Phase n clinical performance for NSCLC under me 
oriented approach in breast and ovarian <^^*^ ™£ 
pound^riented approach and in the case of all four tumor type 
frLthrr HJehlv significant correlations w observed in all 
2SS ^x^olo/cancer. when three consistent ^ «- 
P tfnts corresponding to the mechamsUcaUy nontyp ic* cyto- 
toxic agents didemnin B. elsamitrucir, and rh.^xi » 
eluded in exploratory analysis. Tims, the in vitro cell line model 
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/r^. 6" A, preclinical and Phase IT. clinical activity 
data for ovarian cancer, including the six drugs; in 
Fig 3/4 ("Study Drugs") as wei) as an additional 
six drugs C" Additional Drugs") with known ovar- 
ian Phase H and human xenograft activities. "Lit- 
erature references are sho^n in superscript font. 
B t scatter plots and correlation analysis for the 
same turner clinical versus preclinical activity re- 
lationship in ovarian cancer based or* the data lo 
Rg. 5A. Analysis was done for (e0 when all of the 
xenografts were included in preclinical activity 
calculations ("AID and 0>> when only the six 
xenografts in the genicitabine panel were used for 
preclinical activity culculariona. where possible 
("Gem. Panel"). Stars indicate statistical signifi- 
cance at the 5% IcvcL 



I C-86 p-0.000l- 



r*-CS8 p- 0.0002* 



might be predictive in the ca >e of typical cytotoxic cancer agents 
but might fail to provide rcli lblo information for at least some of 
tbe noncytotoxic cancer drugs. Additional studies are needed to 
explore this observation. 

The fact that drug potency (mean Log 10 OI 30 ). * pharma- 
cological measure, was fcund to be predictive of Phase n 
performance was somcwha surprising but has been noted pre- 
viously; a recent study by Johnson et aL CI 8) demonstrated a 
highly significant correlati' -n between potency in tbe NCI hu- 
man tumor cell line screen i nd activity in the hollow fiber assay. 
Pharmacological considerations (pharmacological differences 
between the species) might provide a possible explanation why 
some anticancer agents app iar effective in in vivo mouse models 
but fail to show efficacy in >hase Tl trials. Experience with some 
agents (57) has shown U at the maximum-tolerated dose in 
mouse can be higher than i * humans, presumably because of an 
intrinsic ability of mouse cells to tolerate higher drug doses 
and/or more efficient dim nation in the mouse. 

In contrast to the in v'tr* cell Hne, our results suggest that 
the murine allograft mod* as used in this analysis, is not 
predictive of clinical Phase II performance. This is in agreement 
with the conclusions from a large body of information originat- 
ing from the NCI screcnin $ programs in use from 1975 to 1990 
(5-8. 10-12). 



The human xenograft model showed good tumor-spcclfic 
predictive value for NSCLC and ovarian cancers when panels of 
xenografts were used. However, it failed to adequately predict 
clinical performance both in the disease and compound-oriented 
settings for breast and colon tumors. The results with breast 
cancer were in agreement with a recent study (18) but were 
contradictory to the work reported by Bailey et aL (20). Inoue et 
at. (21). and Mattern et aL OA). However, given that the latter 
studies did not use formal statistical methods, our conclusions 
may be more robust. The results for ovarian cancer were in 
agreement with studies by Taetle et aL (23) and Matter* 1 el al. 
(24) but contradicted the conclusions of the recent NO United 
States study by Johnson er aL (18). Our results for NSCLC were 
consistent with the observations from all previous studies that 
examined same tumor correlations in this cancer type (18. 24). 

For NSCLC and ovarian cancer patients, a panel of xe- 
nografts was more predictive than single xenografts confirming 
preliminary observations by Bcllet ct oL (19). 

In an effort to identify the properties that may render an 
ovarian or NSCLC human xenograft panel predictive of Phase n 
drug performance, common characteristics were sought. There 
was no similarity in number and only limited overlap >n identity 
of xenografts between same tumor type panels. However, cer- 
tain patterns in histology/grade content were found. These ob- 
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stations suggest that the xJ alive histology /grade content 
rather than the number or identity of xenografts within a pane) 
may be the important dctcrmin mX of clinica) predictivity. To our 
knowledge, no other study ha attempted to identify ovarian or 
NSCUC human xenograft p; nel features that might lead to 
accurate predictions of a drug's Phase II pcrrormance. 

This is the only study that has examined the clinical pre- 
dictive value of three preclir ieal cancer models together and 
thus allows for direct coropa isons between thern. The results 
suggest that the human xenog -aft mode) is more predictive than 
its murine allograft countccp ut and that the in vitro cell line 
model is of, at least cquiva ent usefulness to the human xe- 
nograft model. 

The NCI work with can- cr drug screening programs from 
1955 to 1990 (Refs. 5-:S. 1<'-12; leukemia-based preclinical, 
compound-oriented screens \ refercntially yielding compounds 
active against hematological -nalignancies) in combination with 
our work and recent conclusions by Johnson et aL (Ref. 18; 
statistically significant result under the compound-oriented ap- 
proach for some solid turn >rs) suggest that the compound- 
oriented strategy may be succ essful when used only within solid 
tumors or only within hemate logical malignancies but not when 
the two disease groups are c >nsidercd together. 

In general, our result* ggest that the in vitro human tumor 
cell line and the human xenograft models might have good 
clinical predictive value in sc me solid tumors (such as ovary and 
NSCXC) under both the disc ase and compound-oriented strate- 
gies, as long as an appror. riatc panel or tumors is used in 
preclinical testing. 

In conclusion, given th > results in this study and those or 
others (6. 7. 10-12). continued use of the murine allograft 
model in drug devclopmen. may rot be justified. The work 
presented here argues for emphasis to be placed on in vitro cell 
lines (in the context of the N :i Human Tumor Cell Line Screen) 
and appropriate panels or d e human xenograft model. 

Recent years have sc in an explosion in the molecular 
understanding of cancer, w lich has led to the development of 
not only more effective cyto oxic cancer drugs but of potentially 
cytostatic or antimetastatic i gents as well. The future preclinical 
and clinical development traditional cytotoxic compounds 
will likely follow similar pr >cedures with those practiced today, 
and in that sense, the preset findings could contribute to the 
more efficient discovery of such agents. However, the existing 
cancer models and paramet :rs of activity in both the preclinical 
and clinical settings may h ive to be redesigned to fit the mode 
of action or the novel cyt< static, antimetastatic. antiangiogon- 
esi*. or immune response- nodulating agents (58). In the pre- 
clinical cancer model front, the case is being made for the use or 
the orthotopic mouse xeno rraft and transgenic models (59-61) 
because those arc thought to more accurately simulate human 
disease, especially in term $ of growth characteristics and met- 
astatic behavior. New en 1 points of preclinical activity are 
contemplated such as the demonstration that a new molecule 
truly hits the intended mol ocular target (58). In Phase II clinical 
trials, there is a growing e fort toward validating new surrogate 
endpolnts of drug efficacy (58). The next decade will probably 
answer many or the questions regarding the effectiveness of 
these novel agents and w 11 likely define a new role for tradi- 



tional cytotoxic therapies, but it will also bring new challenges 
in terms of preclinical predictors of activity. 
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